Citation for published item: mithD wrtin F nd rughesD qreth wF qF nd rgsD wr¡ % gF nd de v rrD pelipe @PHITA 9lerites nd possile mouthprts of iwxi from the temperte pleoltitudes of golomiD outh emeriF9D vethiFD RW @QAF ppF QWQEQWUF Further information on publisher's website:
Cambrian lagerstätten such as the Burgess Shale are renowned for their exceptionally preserved non-mineralized metazoans. Among the most iconic of these animals is Wiwaxia, a problematic slug-like mollusc covered in imbricating scales and spines.
Originally interpreted as an annelid worm (Walcott 1911; Butterfield 1990) , Wiwaxia is now recognized as a mollusc based on its radula, creeping ventral foot, and aculiferan-like scleritome (Conway Morris 1985; Smith 2012 Smith , 2014 , although its precise position within total-group Mollusca remains unclear.
The anatomy of Wiwaxia has been reconstructed from articulated specimens, known from four Burgess Shale-type deposits in North America and China (Conway Morris 1985; Zhao et al. 1994; Yang et al. 2014; Conway Morris et al. 2015) . The organism bears four sclerite morphologies (Conway Morris 1985) : depending on their position, sclerites are asymmetric (dorsal), rounded and symmetrical (upper lateral and anterior), elongate and symmetrical (lower lateral) or sickle-shaped (ventral). Mature Wiwaxia specimens also exhibit elongate dorso-lateral spines.
Sclerites bear a variable number of ribs and express a thickened margin and a microvillar construction (Butterfield 1990; Smith 2014) . They are constructed from a broad oval blade and narrow, hollow root; this distinctive outline means that isolated Wiwaxia sclerites are readily identified (Conway Morris 1985; Butterfield 1990 ).
Indeed, lone Wiwaxia sclerites have been reported on bedding-surfaces (Ivantsov et al. 2005; Fatka et al. 2011; Sun et al. 2014; Zhao et al. 2015) , as phosphatic casts (Porter 2004) , and -most importantly -as Small Carbonaceous Fossils (SCFs) (Butterfield & Harvey 2012; Harvey et al. 2012; Pedder 2012) .
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Lethaia -manuscript copy Lethaia   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w SCFs are robust carbon films, typically extracted from pristine siliciclastic mudstones and siltstones through the hand-picking of sieved macerates (Butterfield & Harvey 2012) . Owing to their small size and taphonomic recalcitrance, they are widely distributed in space and time, and extend the record of Wiwaxia across the modern globe (Fig. 1) . Nevertheless, Wiwaxia has not been reported outside the low palaeolatitudes -possibly reflecting the increased sampling effort applied to low-palaeolatitude continents. Our material from the Llanos Basin of Colombia, South America, was deposited at a latitude between 50-90° S (McKerrow et al. 1992; Torsvik & Cocks 2013) , providing the first sampling of SCFs from high palaeolatitudes.
Materials and methods
Mudstone samples were obtained from washed and dried ditch cuttings from the Chigüiro-1 well, which was drilled in 1985 in the northern Llanos Basin, north-east Colombia. Ditch cuttings were produced by the rotational grinding action of the drill bit and brought to the surface by the conveyor-belt action of circulating drilling fluid.
Samples were collected and bagged at regular intervals; each sample thus represents the depth of rock drilled since the last sample was taken. Over the Wiwaxia-yielding interval (8750-9710 ft), each sample typically corresponds to an interval of 20-30 ft (6-10 m) of rock; each quoted sample depth denotes the bottom of the sampled interval.
5-20 g of each sample was prepared either by standard palynological proceduresmaceration by successive applications of HCl and HF, followed by heavy mineral separation in LST FastFloat™, sieving through a 10 µm mesh, and strew mounting (56 Light micrographs from multiple focal planes were combined using TuFuse (tawbaware.com); backgrounds and extraneous objects have been removed.
Measurements were recorded digitally from micrographs. SCFs are deposited at the Sedgwick Museum of Earth Sciences, Cambridge (CAMSM); comparative macrofossil material is accessioned at the Smithsonian Institute National Museum of Natural History (NMNH) and the Royal Ontario Museum (ROM). Ten incomplete sclerites are insufficiently preserved for a confident assignation.
Geological setting
Overall, the sclerites' shape and dimensions correspond to those of articulated Wiwaxia corrugata juveniles (Fig. 2k ), though the sample size is insufficient to attempt species-level taxonomy. Three specimens displayed superficial pustules with an irregular appearance and distribution that conceivably correspond to surface ornament ( Fig. 2i-j) .
Mouthparts
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